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" EVALUATICN OF GLASS FABRIC REINFCRCIR PLASTIC LAMINATES

Prepared by i

¥, Robert Barneis

ABSTRACY: Use of reinforeed plastics ay miurials of construchlon for
naval ordnance reguires that specificaticns be established o ceontrol
the quality of these mabterials, HNany ach materdal spseificstion
elready exist and ave used as a basis for the procurement of plastics,
However, further information ard axach data are regulired if these
materials are te be properly used and spesified In ordaunce design,
Preperties of laminates made with different reinforcements and tested
uinder variouz envircnmental conditione pewiiiar W the ovrdnance field
mist be mede avaitsbls,

To provide a limited amount of speeialized data, a program of avsluation
: of numerous materiais and process variabl.ag on the physical, electrical
> and mechanical propertiezs of glags cloth laminates was underiaken by
the Naval Ordnance Labovatory. Insluded wece the varizbles of fobric

" 4 weave, yarn weight, fabric finish, vype zssin, best pancl thichusss,
regin content, and temporature et the tims of test. Test panels were

5 mcidad under precise conditions, and the nroperties of the lamnates
were neasured after storege for cne week n% T5°F and 508 &, No data
ware taken afler seo weier Limersion, outdeor exposure or other conditicne
of gervice,
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DAVORD Yepord, 2669 presepts data on plastie Laminates which are necessary
U the gpeeci fication of Teintorced plastic materials to be employed in
the manufacture of structures for naval ordnance devices, 1t is believed
that they are aufficient {nr the specification of degign models and
prototyres. However, concurrant with tests on theze unita, considerable
data razt 3tdld be gathered on tae influence of such factors as sea water
immersicn, transportation sribration, impact, dead loads, and outduor

} axpozuTe and or variable alorage tenperatares and tumidities. These

| turther data are necegsary efo~e satisfactery service life e¢an be assured

| on materials subjeet to the nore stel ng¢='~+ environmental conditions,

Test panels for the progran discussed in this Report were prepared at the

Nawval Ordnance Labora*tary on its precision molding press and were then

sent to the Forest Vroducts Labowatory, tadison, Wistonsin, for preparation

of the test gpecimens, testing, and reporting ol ab

wue data. The work at
the Forest Products Labeoravery woos eorriod cub by ¥o M. Dollier and L, 'k,
Deme; zngimecys, Egersts i‘;'cai:hw. repory W6 bhe Naval Ordnance
Laboratezy are incorporaced in this Report. The work was ordginated at
2 the request of the Naval O <dnarce Tegt Statlon, Im"ox.em) Califorria. and
B was Cuncluded as ::L-t‘,:.?-iz,‘} ‘o;, task NOL-Rcta-266~iia53. The data reparied
herein are appiicsbie to o1 those applications x-he‘m glass fabric rein-
s forced laminated plastics are matierialscf considaraiion In the preducticn

of orduance, They d¢ not, however, reprsssnd Lhe sua tohal of ths dats
neaded for this jurpose.

HNARD I1.. WOODYARD
Capiain, USK
Cormeandes

V. S, MOLZEY, JR..
By diregiion

‘-




RAYOED Deport 266y

CONTLNTS

Inbtroducticiecescencoacscssssesrenanvosesnrossssosanseeno

Preparation of Test PANELDsceesnosenomoseasstcsssasascns

Test "~ thodBeeess00020000000020383002002000c00n6a08823000

Discuc icn of hesuibSeocecovoesossucososesicossscsonsvaes
As  Evalustion of Lardnates MHade of Fahricg of

DifPorent Woovres and Taxm TypeSGOGﬂQOQOOOOEOIQOQO

O W WD

ccnclu510ﬂ8uoae=n¢u¢4oavee@799-99ubao-cooaceotﬁooooeouoo
Ao Group Lo, Ivaluation of La.inates liade of
Pabriecs of Diffeoreut Weaves and
Tarn Tyn88oevcscsssanedorscenrocronrcen
Be Group 2, Eifect of Laminza’ing Conditions
cn the Strength of PlasticSeescensscasca
Ce. Grouwp 3, Variation of Strengbh Properbies
Because of Evaluation Conditionscessses

AV> N o L W « 8

- Tebles 1 through 8

- Piloures 1 wirough 31




ETATIATION OF GLASS FABRIC BETMNFORCED FLASTIC LAMINATES

INTRUSGGRION

lo The program to investirate the arovertices of giass-fabric-~reinforced
plastic includes an evaluation of the ohysical, mechanical, and electrical
properties of specific laminates as molded, &5 well as the effocts of a
nunber of variables on these proverties,

2o It is the purposc of this iavestipavion to svalinate the properties of
laminatez made of two resin types; nolyester and phenolics five dirfecent
glasg=Cabirie weaves; two different tyaes of yearng two different finisghesp
fevr different thiclnessesy five different resin contants; and tested at

seven different temperatures.

srenparation Cf Pest Tanels

3, All of the laminates for this javestisation wers susslied by the Hawval
crdnance Laboratory. The panels were all na
fabrics using elther a pclyester or nhenclic-tys2 ra2sin as followss

Al]l polyester-resin larinates were scde using 2 wet lay up orocedure
and an effort was made to climinate the oi; fros the pleces Six hundred
PT Cellophane was used to contain the wet parele Efter lay up the Cello-

ane wasn scaled with socohen tape, after which tie panel was relled with
steel roller until the air had beon climinated, Tha entire operation

i.ed aporoximately 1 hour. The panel was then placed in a Baldwuine
Southwark nrezision laminating press 2nd pressars was avplieds  Apnrorie
5 hours were required to produce a good golid zel ot room toipure

ature, At coapletion of this preliminary curing conditien under orcessure,
the laminats was removed f{rom tne press zad placed in an oven coperuting
at 1100F for 2L hours L0 coaplete ihe curs. The resin and catzlyst
systerm used was as follows:

gg

*

Fesin: Paraplex P-43 (Rohm and Hzas Goo)
Catzlyst: 1.25 percent DDI (Heihyl ethyl ketone peroxide)
Aceslerator: 1,00 percent Huodex ( € percend) (Gobalt Nephthzpate)

A1) chenelic lamincles were made uging @ dry lay up oprocedure. The
required number of plies of preimpregnated glass cloth were cut and laid
in positisn on Cellonhane (800 PT) after which they wers szaled in with
scoteh tapes The plece was then placea in the 3aldwine-Southwark precision
laminating press and pressure was applied. Afbzr the desired pressure had
been reuchcd, heat was aoplied to the platens and the piece was maintained
at a temmeraturs of 3000 2 397 for L hour to effact cures At the end of
this heating perioa the press was cooled 1o ambvient temperature and the
panel usas removed. The impregnated clothi had the following characiweistics
befere aucel

fofieno 15 LND-CpnEted CLass CLOLR WaS Lroatnd GF Fioricon 'roducts, IhCa,
Plastics Divigicn, 3liver Range, Michigan
1
-, :.
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Resing Bakelite BV 17085

Resin content: Approximztely 35 percent

Volatile matter: 6-1/2 percent volatile matter (determized by
1o-minute exposure at 160°C)

Further molding data are given in Table 1,

Tect Msthods

Lo The test procedurus, in general, conformed o the methods specified
in Pederal Gsecilicatlom for Plastics, Orgsnic: General Specification
Test Liethods, No. L-P-l0fa ard amindments thereto. The follewing
mechanicaly physical, and clectrical tests were made on the specimens
from each of the panels referred to in Table l,

Sy

Mechanical tuosts

Tengion - Method 1011
Conoression - Method 1023
Flexure - lMethod 1031

Shear {doublse) - lMethed 1041
Izcd ipact ~ Method 1071

Slysical tests
WWater Absorption -« Hebhod 7031
Simensional change - letinod 7033
Specific gravity -~ Hethod 5012

q
fiesin content =

—% e, I
dadatoaer 16 WU h ada\rbidy

Doucr factor o =
Dielectriz eonstant 2

Be The specimens for the mechanical and plyoical teshs were cub froa the
panels by weans of 2 carborundwua saw, aad woen fuarther shaping wag
necessarye a fine emery wheel on a wertical syindle was used, The speci-
mens &> machined wers lored fer at leash a weck prior to test at 750F * 30f,

P

2 1-P-L0fe has no wothod so USAF Specification 12049, paragraph Fefh(l)
was usod,

2 The dielectric consiant and power factor wers determined at a {rscuency
of 8,530 mepacycles par secondg by use of & "iicrewave Dielechrometers.
HModel 2, mamufactured by Central Research ILaboratories, inc., Red Wing

5 . A0y
Minnesota. Actually the loss tangent was cetermmined, raiher than power
fent el = myAaia e Rlan -

DA i Y

<9
...... 3 SO 4T TR ES p}.&btif‘; l:"-mi'i'!air(is baws
difference Letwewn loss targent and power ractor does not exceen 3 unids
in the fifth decimsl »lace, which is less rthan the experimentad ervor or
the trodaced oy rounding off the rosuslts 4o
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50 % 2 pement. relative hamiditye. Mochaniczl teozt op
were iueld at the best temdersture for 1/2 hour befors ..ecto Terperature
mr\:urements with a thermocouple showed 'M’f the test tempersiure wasg
attained afber 10 minutes emosure; however, an additional 20 minuvtes
was a.z.lo.xod before testing. The specimens for the electrical tests were
roughly cheped on & Doall band saw and then finally shaped with uachine
tools and emsry paperls

Discussicn Qf Reeults

Ao Evaluation of La.inatzs lMade of Fabrics oif Diffcrent
Weavres and Yarn Types

Variations jin Paorics

Vil

physical, mechunical, and electrical properties of laninates made with

fabrics of different weav2s, Five cloith styles uivieh included taree types
of weaves vere investigated,

6o General. The investigabion waz concerned with the variation im

7. Resin contenti, The ragin contents of the nolyester-typs laminates
are greacer wan those of the phenclic fype having resin contents which

ocku i NILRNE 844 § 8§ ¥35

range from 32,7 to Lh.T percent as compared wivh the nhenolic~tyne
laondinates whick rangs fron 22,3 *- 2%63 percents A comparison of the

laviinate with 1l finish shows that Ghs 12372 Cabric has the highest
resin coutent in its partvicular resia classe In each resin class thers e
a duplication of panels made with 101i-134.225 fabric, Ths resin comtents
of these duplicate panels are very nearly egudl.

;:g, eck _t‘if' gf tyo The réjoritj of *.he 1;‘.:151.) in qu.p l have specific

- - P Lo Lo
gravivisn R £ VR IrUn L.C85D NG 193D ¢ \Tablo c, Column L. Thers are

L)s
mfc panecls, however, {pancls 1,2 aad lco, Table 1.} wn..ch are considerably
below this rangee Both of “hem were made of phonolic resing, ons with 128«
11} and the obher with ].C‘L ‘lll fabrice Except for thess s pancls, the

P ‘Jl-»vd-u;
e zr_\_i'.hih tha ronos nemzlly P

2 ong T*u:"’ in gla ss-fabric-base Llaminates,

Ty b duplicate panels nede of these two fabrics and

resin had about the sane specific gravities ac thosc tabulated so

concluded that this low atpécif“ﬂ gravlty vas because ¢f insufficient

on the fabric thus slicuing lLoo litiie corpiescion of the plies in
isation technique @Dl()ypdo

21 I}YT’\!'!\
NP ’
[+

borg T ey
* D d'z“.b
o} )
BEE &k
[ T el 2 1)
'3‘

é

~

9» Waler absorption snc dirensional chuaure. 7There were considershly nore

o]

- st
pores or voids 5 The Tinmetes (oanels 1,2 and 1,6) having low specific
zravity than in the other liminates, wlileh were voild-free, This facht
accounts for the high vialues of woter abscrption for these two panels (Table
2, Column 5)o ! comnerison of volues ghoi's thas the woter abosipbion of
lauwirates fabricated with Dm;ye ster resin is under Goll percent and that

the valucs fram phenolic lavinates are over 0062 ’)“I‘c&xto

10, Tahlsz 2, Solvmus & %o 8, whish present
L0 woter aboorptmn shova tr a2t the grea"e
cmall valuss are typical of gJ.a s-Fr'ariwt

N

vhe dirensionsl change duse
chenge ie 0,52 percent. ‘the
a5a laminates,

Q
-
-
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=
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11, Ccemeressicn, shear, and Izod Lrpac* streagves, rigure 1 also shous
graphicz1ly the average strer.gth veiues for comnression, shear, and Izod
impact. Cince all of the panels were parallel Tawinabed, these strength
values chow the relative streagths af 09 and 900 to the warp. The W3-
11l fatric iz, of course, the Tc"'OﬂCb.“.‘t of the favrise in tho OF direciioa
and the geakest in the 907 dirsoticu. 2he ouncy rabrics arc not so
unldirectional; The laminates made whiih 181.lLme fobric have highex
strength valuez in compressicn and shear then do the other lominates tesbed
et are weaker in impact shronghh. The cor ﬁ"he and sacar strengths
of a giver. fabric fabricnted with shenolie resin zre generally lower than
£or the sonc faobric laminzshed with a polyester; hcwever, the reverse is

true of thelr ixpacst strengibs, The laminaies huoving volds, that ls, the
126 and 18l fahrics havins nlenolic resin binder. are u.czx.mlve"' weaker

. s ek
in 413 pPLrogereiede

12, Tension, The tenaile properties of the varlous gle agg-fabpric~base
L.min;mesp @5 shown in Grc\zp 1 of vable 3, are listed under two major
headings, modulus of elasbic .ty aud slress. Taese veluses zerve o defiase
ain avesags abressestrain curre for the matsrial in quecction. OSuch an
average curve has becn reproluced (Figure 2) for each material in its
two prineinal directions, A compariscon of these ctresseshrain curves
shows hai, the 143 fobric is hignly unidirectional and that even though
all pmanels weors parallel laminated, the 09 gnd 700 properties of the
other laminates ave n-arl:, gqual, Ths pronor ui(}u 1 iisdt values of a3l
the laminates are & asmal pe montgge of the mexima stress, The weaning
of this low value is questiciaable since the sorticn of the ﬂt-cg-«estrain.
curve above it is alse a striight ’L*ne for magt of -ihe materi ls. Thers
wag, howover, a definite brexk at this peoint for rosd of the materials,
Previous experinents have chown that if these uatorials ere prestressed
beyond the appareant initlal sroportienal limit, a nsw rndulus of
glastisily ond prcpowt m;..l i;.n.'.., are establiched.s The now modulus
of elastic .u:,{ ias a lower value thaz the £lish ome and mighu be zooub
agual. Lo the sceond st 1‘ bab line o1 a secant modulws, d‘*pendlng on the
a_r'uu‘nt, of presiressing, For this reascn, 'c,he szcant modulus av 062
percent strain offset has bean compubed., ESecant modulug at 0.2 percent
gtrain offeet wius not obitalina

_)___1.5 fg_‘{- a3l m'\‘l erial s sn that the senant.
modulug at 0.1l percent stra

3
d=

4

=

a set was also comoubed.

[

13. "’he laomivates which had the lowest sbresgih are azain bthose which

WOLG nn...u of waenolic reoin and eilthor 120 or 18h falrice These Lanincies
contelined voilds wnich caussd poor bonus betueen the Laminztions of fabric,
The fractnre of specimenc from these lsminates was a solintering, brooming

typs, which delaninated Zror the break toward the grip. The voideiree
shecimsns had, in general, cleaner hroaks across the net secticn.

e Floxnre. The resulbs of the fiexural teu-:j f‘*'ouv 1l of Table 5,
show stréngtn walues casparcble to those shown for the tensile testse
The flexural properties, houcver, show hisher prosorblonad~linit values
and the average load-deflection curves {Figure 3) do not exhibit ducl

= Werrsn, Fn.dn Effect of Prostressis Uig in Tenzion or Compression cn the
Mecherionl Properties of two (lass<{ucric.base Mlastic La.inates,

Forest Products Laborctory Report No. 1911. Serbemsor 1950,

L= TURWAS S

W



e

.

NAVOED Heport 2649

straight 1incse The ficxural slressesg being i cambinaiion of tension
md comrreseion shtrecses show b -: detailed comparison about the same
reintion anong materiais an the tensile besbso

15, Electrical. properties, Any variation in electrisal properties
ettributable Yo variations in fabrics was too wmall o be detecicd in
he presenca of the normal experiimental errorse

Series 2, Variaiions in Jarrs

16. Sericc 2 of this imvestigation dsalis wilh varictions in whe physicelg
mechanical, and eleetrical properiies resulting from a variation in yarn
ecuntf, which is an indication of the number of yards of basic strand pexr
pound of yarn. The cvaluation of these properbics was obtained from namels
of 101-11) fabric with both polyester and nhenolic-tyoo resine The
yarn count of one set of pancls was .:.50 (15,000 yards of bssxc fillaund
ner prunvrn and +£hat ofF -Hnn sceond sob 1 ')"J(’ {nn 56!\ el

SOU WAS e yecg ‘yu.l.dJ of basic
filanert pe pound)._.

 FateTo)
hiretei

17. Thc results show that a difference in yarn ccunt did not greatly
affect the cpecific gravity, percentage walcr abscrption, nlbimate come
prescive strength, or flexur:l strength of laminates nade with either
tvoa of regine Neithor did this differcnce significantly affect either
the £latuise shear strength of polyester~tyre lawinzics or the Isod imact
and tensile strengbhs of the phenolicetyne laninates., This Jdiffcrence in
yarn count seemned Lo aflect only the flatuise shecr strength of the
puenclic=tyne laminzte and the Izod impact and ternsile strengths of the
polysster-tyne laminatc. These st.cpbhs were affected to the exten®
thuat the laminate with 150-count yarn was stronger in impacd and tension
but weaker in gheasr,

18. Electrical propertiecs. lio variations in electrical properties due
te variations in yarn count could be detecied; Lecause if proscn’:., they

are smaller than exmerimental. error and variations atiributable +o
At Peenece in resin coatend.

Series 3, Variations in Finich

U)
O
Hh

19, The evaluation of the eifect ifferent fobrie finishes on the
praperties was obtr,‘wnd Crom laminates :_r;_d,; with both polyoestor and
phexolic~tyoe resins in combination with the 131135 f’aoxﬂ ¢ for comparison
with thowve ovwained frem laminates m.de of 181 w1225 fabric. The
resilis of the physical tests show that tis speeific gravities of the
laninates with 138-ty-o {inish are less than those with llhebtyve finish,
The phenclic laminate with 136 finish contained some voids vhich cau.,ed
gre2ter woter absorption and dimensicnal changes thun were exporionced i
eitaer the polyester laminate or the laminate with 11l finich and pheno‘..:.v
resin. It should be noted that the ljb-afy)e finish was intended primarily
e improve the wet strenygth of o laninate bub webstrength tests wers aos

a part of this evgluatJ.o-.a “he resalvs of the diy sirenzth tests show,
nowaver, that the 136-iype £inish with polyeciciwtyoe resin had compfesu
sive, shear, tensile, and Jicsmwrcl ghrongthas emual to or losg 4han th

Nh-type finich, The Ized imdact stryongth showed a slight :.mmvementa
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ALl of the strengtlis, however, froa the phenolic panel with 136 findsh
were less lhan those uith 114 finish, 3ome of this deficiency may be 2
result of the low specific gravivy.

2C. flecirical properties. Any etfect of variaticns in finish on eice~
trical properties was small, md negligible in comparison o the effects
of resin contcrt and the nc""r" gaperimental error inherent in deternine
ations of this kind,

Ba Group 2. Gffect of Laminating Conditions cn the Gtrength
of Tlastics

2l. General. The ev:luation of the effect of certoin laminating and
fabricating conditions on properties of glass-fabric-base plastics wasg
conducted on one combinaticn o.t materials, 181-114-225 fabric plus a
polyester-type resin., This evluction includes {1) the fabrication

T
variable of thickness and (2) the combinec effect of varying the resin
content and pressure during fabrication. To evaluate these effects, the
sare physical, mechanical, and electrical tests were conducted on
laminates in Group 2 as were conducted cn laminatss in Group 1.

22, Resin content, The resin cantent of the panels in JSeries 5 varies
from 21.8 to 41.5 perven The desired range for this series was fron
20 to 50 percent whith was to be ascomplished by a pressure vardation
from 395 to 2 pounds per sqn :re inch, The 2 pounds per souare nch
pressure, however, resulted in 19,5 instead of 50 percent resin content.
It may be noted also that the 6L pounds per square inch laminating
pressure {ponels 1.7 and 1. 9) resulted in a 33.2 perecent recin contendt
which 1s greater than the 30.0 percent resuluing from a pres3ure of 45
pounds per square inch, all of which means that the resin conitent is
dependent upon factors other thon pressure,

23. Jpecific gravity. aAs the rgsin content increa
gravity decreases, uhlch is as exrected, since glass

~2 -
L GQ-LAL.

s, the specific
is heavier than

2. ater abscrntion ond d.menuio—xa,:_ s'.,vbu:.*-u A comparison of the
water absorptlon values as suhown in Table 2, Uolumn 5, indicates that
the percentaze of watcer absorbed increases when thic thickness of the
lanimate is duocreased: The values range from 0.05 percent for 1/2-inch-
thick material to 0,22 percent for i/ib-inch-thick malerial,

25, 1t appears, by a commrison of values on Series 5, that the resin
content has little effect, on the water absorption exeept that at 2i.8
percent rcsin content the peirceuntage 15 higher than normal, with a value
of 0,36 percent.

26, The wlues for dimensional change appear to be unaifected by size
or resin content as shown by Table 2, Columns 6 to 8 for Series 4 and 5.

27. Ccmprecssioun, zhear and Izod iuapact -trevxg'r.hso The effects that
laminating condjticn" have on the comp‘rcss;un, ghear, and Izcd impact
SuI\.u‘ Th arg shown in L.L;;u e & Bvon Ah ‘gﬂ She o‘&.(’:;gth sf thesa
lamizutes may be affected by their nolding precsure ac well az by th_. ir
resin contents, the combination of these effecis is shown plotted as
fungtion of resin cortent only.

6
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2, Thies visual couparison of values and those presented in Tables 4,
6, and 7 shows the follewing trends:

The edgewise coapressive strength increases with inerrzases

-2 r~ ILY n Y LI I Y

tniciness froii 1/18 inch to 1/4 inch; the strength of the 1/2-inch-thick
I5 about the

:

o
3

same as that of the 1/i~inch laminate.

b, The flatwise shea. strength of these Jamirrtes shows very
little incrcase in strength uith increases in thisl=ezz,

¢. The edgewise Izod imnact strength also ircreases with increase
in t iclmess, having values of about 11 foot-pounds per inch of width at
1/6 inch and 17 foot-pounds at 1/2 inch of hickness,

d. The edgewise coupressive strength aprears unaffected by resin
content.

e. The flatwise shear strength decrecases slightly with incresse in
resin content,

f. The edgewise Izod inmpach strength decreases with increase in
resin centent,

29. Tension, Figure 5 presents graphilcally the results of tensils
tests, which are tabulated in Table 3, to shor the eoffect of laminmating
conditions on tensile properties of plastics, This fipure shoiis that
both the naximwa tensile strength znd the gecant modulus abt 0,2 percent
strain offset are reduczd %y an increase in resin content. The tensile

strength decreases from 53,000 pounds per square inch 2t 21.8 peresntv

resin content o 29,380 pounds per square inch at 21.6 percent resin
content, or about 1,25C pounds —er squar: inch change in stress per psrcent
chanpe resin wntent. The secant modulus decrcases about 37,000
pounds per square inch per percent change in

-—— et PR S
T2 30 T eSSl connellve

Lo
H

ot

The proportional 1init stress apnears to be unaffected by either resin
sontent or thickness of the luminate. Due to the scatter of points, it

is difficult to deternine the trend indicated b the points for effeot

of thicimess on sacont moduius or maximuw: tensile strength, althoush then
is some indication that tansile strength incrcases with increasing
thickness,

30, Flaxure, The results of the flexural te;ts as shown on Figure &

indicote decreases in modulus of rupture arnd secant modulus as a rcsult
of increaszes in either thickness or rasin content, Slight incresases in
coupressive and tensile strength werc observed with incrcases in thick-
ness, yat these flexure tests show a decrease in strengbth with increases
in thieckness, The decrcase ii moduius of ruptwe vidth increase in
resin content is in agreement with the tensile test results,

31, Llectrical properties. Ilc effect of panel thickness on dielectric
constant and power factor was discernible,
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32, The delectriec constant of the polroster lamimtbes md a striking
relation to their resin content, as illust

ustrated in Figwe 10, The
dlelect,riv censtant decreased e resin content increased, which wonld
bs cxpected if the dielectric constant of slass is higher than that of
Lhe M‘*jestcr resin. There is a certain amount of scattering of tha
points, bul it appears thnt tlie resin owntent ~ dieleectric constarnt curve

rollows an approxiravely straight line oveir the range investignted,

= D
33. The power faceor of Wi polyesivr lznmimtes was aprroximately
conpstunt over the range of resin eontent investigated, suggesting that
the power factcor of the polyester resin may be appm,clmately equal to
that of the glass used, The power factor of panel 4.3 appears vary low
(and a low pover factor is desirable) but this may not indicate a real
supericrity of this porel in this respect, The data on this panel twrned
out in such a way thet irn the course of ealculation of power factor
xo3t daba were not usable because they were cutside the range of certain
curves used for calcuiation purposes; hence the figure reported is one

single value rother than the average of several, and it is believed to
S
be too 1w,

.‘9

T A
ZE RN X

cu

(™

54. The points for dielectric constant and power factor of the phenolic
resin lamimtes would be crowded both on Figures 10 and 11, and there
annears Lo be littls melation bebirwn resin conbent and electrical
propervies. o abbempit vos nade, therafore, to plot the points but
instead a circle was drawn on cuch figuwre, which would enclese all points
for rhenolic laminates except a few representing panels of abnormnl

w gpecific gravity and .hich in soue cuses contained voida.

35. 1If 2 low dielectie constant anld povier factor are considered desir-
sbis, tlon of the mubcorisls btesled oil polyester lamlimates tested having

resin conterts of 30 peccent or over ware superior to tlie phenolics in

respect o dislaeiric constant, n:d all nol-aester panels repcoiviless of

resin content were superior to “the Pi enolics in povier fautoro

24, Fron the reslis on both polyester nd pherolic laninates, it
arpears thit a certain wieight or percentioge of glass has a certain effect

on @ ectrical propertics, irrespsctive of the nanmner in which the glass
iz presont (wessve, yomn Count,. £intch ).

<

Go Group 3., variation of Strength Troperties Because of
Evaluation Conditicns

37. General,. Tiae third grow of Leshs vaz condue’e=d Lo dahermine the
effect of & pcc:‘-_fic evaluation wad ticit ~- tempecature at tha time of
Jest,,_ ech.nical tests were conducted on st g gpecinens at veaperatures

<459F, -3C0F, C%, 3U°r, 75°F, 120°% and "60°y Specinens were held
at the r'"o»mtlvﬁ +n1 Lperutbwes for 1/2 hoir before test, Physical
electrieal. tasts ware, nowever, cendumicd ot roon LCLLCrahune,  Awivoge

values of streagtha oot_.irea arc a2hamn on the varlous tobles, These

a kS

values are shown 2lso in Figurss 7, £, and 9,
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33. I}gs‘--"i"-. prnpSs l-.tiu\,:, The vesulis of Lhe pnvgiCc.J. tes t:".. as suGsHn
in Table 2 for Group 3, which were obtained at rcon te. ipezrature, snow

now nearly ldentical the pane'ls are to eackh other. The paneis having
pvolyester-type rosin, €or exanple, have resin mnbents betueen 30,0 and
36,4 parcent, The pair of wubirul panels in Group 1 had resin contents
of 33,4 and 32,7 porveent,  resncctively. The panels havwineg rhenelie—

dah Vaay,

typoe resin shou oven . ane mriation — the range i3 23.3 to 22.9 percent.
The specific gravity and wabler doserpbion values in Table 2 also show a
unifornity of resultcs.

39. llechanical properties., 11 of the mechanical tests irn Group 3 nay
be discussed together because they show the swse trend, The data on
Tigures 7, 8, and 9 shai that for incresses in temperature from ~65°TF to
1400F there is 4 deercase in strength. Thav deerease in strength is
groater for the lomimies hoving pcljeotcr-’:,y‘pe resin than for the
lamm'uw hoving phenolic-type resin. Lhe trends are shoun by broken
lines through tho scattered points. The scatter is, of ceurse; due to
the iicthod of matching the specinmens in Lhis series of tests, Each
point represents the average walue from five specimens from a given
nanel so thob the seatber includes the wariacion betueen panels, The

rianion

trends, however, arc well defined, except for tensile stress below
waxbawa, The stresses ul L.'ltu—uedi ite points on the stress-strain curve
in tcnsion show ao trend (Table 3, Greup 3, Column 7) or slight upward
trends (Colwans # and 9 or Figurce o pirticular significance is
atbached: ool thac! bohanvies begaus in :‘.t;}.] tanrent modulus (Colurmn 4)
decreases vili: increaseB in Lanperafure Lhe same as the other strenbu
properties., This decreasz in modnius indicates a flatter initial slops
and hence a pwenier strain and streas at the 0,1 or J.2 percent strain
offset t.hun expe.uenccd at the low tcnmpe atures,

()
¢ ¢+ cg
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CONOLUSIO.S

A. Group 1, Evaluation of Laminates !'ade of Fabrics of
Different .caves and Yarn Types

L0, The tables and charts shor major diffwrences among the materdals
such as: (1) The unidirectional property of in3 weave; (2 ihe
detrimental effect of voilds ind low specific grovitys and (3) the small
change in strengch duz to a difference in yarn type. The effcct of 136~
type fimish is noh conclueive bocanae of the low glams cortont of the
panels tested,

43l The results show also the rcpmdudbi"itv of values from two identleal
ranels. Thls reproduclibility may be seen by comparing Hhe velues in Series
1 obtained from panel l,, with those of 1.9 or the values obtained from
panel 1.8 with those of 1.10. The average test wlues obitainesd from
identieal ponele are In such close agroemert that they were averaged to
give 2 wvnlue which renresents the qt*ea gth for that rarticulur combinatlion
of materials, This representative value weg then used for conparative
purposez in each series which followed, '

42. Dlectrical properties. The dielectric constant and power factar
appeared to be affectzd little, if anyz, by veriations in i‘abmcs, vern
count, or finish. .any differences in thas: electrienl propervies thad
may have resulted from wriations in these focters were so small that
trtey are within the limits of experimental errar.

B. Group 2. 4Iffect of Laminating Conditions on the Strengih
cf riastics

43, The dat: obtained in Group 2 shew thal the fabriecation wvariables,
thickness end resin conbent, do affect the mechanldcal properties, Teaus
of laminotes which veried in thickness frow 1/16 te 1/2 inch indicate
that increases in t ickness caused increasws in the compressicn, shear,
Izod inpact; and tensile erengt;., Flexeral strength was the only one

vhich s‘xcwed a decreaise, Tests of laminatoes which varied in resin contant
from 21,8 to 41.6 perceit showed that the chear, Lcnsile, flexural, and
Izod imp:’.ct strengths decreases with increnses in resin content, The

canpressive strenglh appeared vo be unaffected by resin content.,

0. Group 3. Variation of 3trengbh Properties Because of
Fviluation Conditions

Lio The moaulbs show thot the strons h of g?ass-“urr«u‘me laminates
fobricated with elther a polysster- or phenolic-type resin decrsasey viilh
increases in temperatures at time of test; also, that those with polyesier-
type resin deereasc nore than those with phaenclic-~type resin. The exace
amounts of these deereases vary with the mechanical test, The amounts

-

are shown in the tablas for particutor applicotions,

19
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Table 1,~Fabzication methods uced in malddng laminsted panels of gloss

fobric with

$aradmal
MY DS abe AP Cdrabe P

polyestics and phenolic resins

Panel Ho, :  Resin® : Type of :ihmoer: T‘xu.c}f =t Cure eycle
o :  type e glasg 2 T nesgd:
Naval sFoPolee :  fabries :plies%. 1TinesTen= :Pres-~
Ordnonee 2 £ 4 < S C sporo-touye
Laboratory @ t s e 2 : tture
: : : : : In. @ Hrp: SPg :Posed.
GROUP ). -» VARIATIONS IN PAERICS
Series 1 ~ Variations in Weaves
2590712131 ¢ 1,1 @ Pclyeatar : 129211 : I8 0,127 2 5 ¢ 75 : 1D
: : 3 : 5 2, 2 310 : O
26% ll},d : 103 200090 P000008 3—2}3“3—1." H :"J‘& H o].l'-f,(') : 5 H 75 4 6
s 3 : e : 24 :$ 110z O
25%.?1373 H los :OOODGOQO')OG: .:.65'-,“‘111, . 9 . olsn H 5 H 75 e 5
: 5 : s 3 2L, ¢ 10 O
23%?1396 H 107 :ooaodoooooo: ?LSl"“.‘Li'beZE H 15 H 0139 . 5 H '_{‘.5 H 61.
: : s : : 2 + 110 : O
259GP1397 2 109 t.s00G0.c.00f AE=IUE=228 5 13 ¢ A2 : 5 : 75 : A2
3 3 s : 12 110 : O
259(}?1.2129 H lol?\. :oooof‘l)cooooz 182”3:!.13« H 10 . alsl : 5 M 75 H l'.
H H 5 : H t2h 2+ 120 O
259GB13144 ¢ 1,2 : Phenoldic @ 12t-132 s+ 19 : .13 : ) : 300 : 10
259GBI3LA2  : Lok 2500088000003 1h45=1lh t 15 s 136 :1 :300: 7
25%311&].1&6 H ln6 2r,a.=_-dne:?:‘;g 16:’;"1_1_.", 2 ? 4 .,l-’-{-!} e l H 300 < 5
2%%51212-,0 b 108 25:':.0657000903 183“‘]—124"22; H :1-5 : '128 t 1 H 300 4 37
239(:'3 l?l-'r::- H lol':} :oooo'\\:~oooooo~ .4.81 B!’-V"Sc?.; H 15 : 012.:" I H 330 H 37
239&3].21!45 H lol:?. :oo;;udoooooo. 18 = j.’}- ¢ 10 : 0*30 0 R 300 : 20
Serieg 2 == Veriations in Yarns
269GP1395 : 2,1 : Polyester s 181-)1L-15C : 15 : 137 : 5 : 75 61
H e s : 2 t 2,3 110 O
259GB13L43 & 2.2 : Phendlic ¢ 181-11L=-15C ¢ iS5 : 131 : 1 : 300 37
(Page 1 of 3}
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nation methods need in
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_alriv\v Tmﬁﬂa+uﬁ na_nc]

of 71 135

fabric witn typieal polves

ter_and phenolic resins { Ccnta.nued)

Panel lo. . Resirt Type of :Nmnber: Thick=: Cure cycle
—~=:  type : glasg, : of .nese& :
Haval. P Pyloz 3 fabrie= @ p.Lles‘. :Time:Tem~ :Pros-
Oondnance ¢ 3 g 5 3 : 1 peEra=? sure
Laboratory : g s 3 : s shure ¢
3 2 2 3 3 Ine eles o Fs Pessdls
Serigs 3 == Variaticne in Fialsh
260GP121L2 : 3.1 : Polyester : 181.136 + 15 :0,i72: 6532 75: 6L
g : s 3 s 12, Y10 O
2EFCBICIEL : 3.2 @ Phonolic @ 120-236 : 15 ¢ 163 : 12 300 : WO

Gz aaup 2 ==

Serlied L «= Tar

VARIATIONS

rietion in Thickness

269GP5391, . Lol . FPolyaster : 18011 4=225 . b ' 0532
269GP2675 4o3 s00¢@Dssoe . 18111225 32 ~ 0265
269GPOLTL, 4o Fouo «d0oose o 181-134~225 8 : 2005
Serdes 5 — Variatiorn in Molding Pressurs and Besin
269612132 . 5.1 : Folyazster 18=3id4e225 ¢ 10 I3
2465GP1.2103 5.3 Pese odDevoso 161100225 ¢ 12 ¢ L1530
259GP11104 5.5 focood’t‘ooooof 181-104=225 ¢+ 14 : 0113
209GP13130 3 5.7 foceodBoerese? Lololdle225 ¢ A7 = 136
: 3 : 3 H

1N FASELCATION PROCITURE

: 5: 75;: 6
T 2k 110 : 0
: 55 T35 81
: 24 03 110 ¢ o
i 5: 75 : 61
e 2L 2 110 ¢ 0
v Gontent

s 5 75 2
s 2L 2 310 0]
: 5 T5: 10
s 24 ¢ 110 ;5 0
s 52 F8: L5
: 24 3 110 ¢ 04
: 5: 75 295
2 24 s+ 110 ¢ 0

~~~
5
(4]
[6)]
N
0o
=,
W
?

e R L S i,
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Table l.,==Fabidication methods usaed 3n uding lgninated panels of glags .
fobric with typieal nolvester and phenolic resinsg {Conbired)

Panel No. : Resird Type of  :Number: Thiclke: Cure cycle
-=: type s Zin.89 : Oof L ImSBS e

Naval tFoPolo2 +  fabric2 :plies2s :Time: Ten- :Pres-

Ordnance : 5 2 5 s :pera=: sure
Leboratory @ : 3 : 4 ] s ture
d H 3 g : Ine : Hro: OF :PoSeie
GROUP 3 wa~ VARIATIONS 1IN EVALUATION CONULTIUNS
Series 6 —- Variation in Tenpcrature at Tims of Cogta.

2U9GF13133 : 6.1 5 Polyester : 1811342025 ¢ 15 310,138 ¢ £ : Y& AL
: : : H H : 2 2 130 : C
26390‘?’ 1\% H 603 :ouondeeooov: 181"'}-1‘-1;""225 : 15 i °y‘c;' : 5 : ?5 : él
s : e 2 : e 24 2 110 C
26GGF1398 8.5 :o.s.8T0scver 18111225 ¢ 15 : o132t 531 75 : 6L
S 8 H e - s 2% 2 130 : Q
25:;3?131-:‘;. : 607 :6\'\ﬂu6««o::ﬂ¢:: 181"‘111}‘"'225 K 15 ? 0135 8 5 H 75 H [)1
: s S 3 H 2 s 110 ¢ o
269GP11;101 H 609 PP ¢ (o PRPRPTPR lSlmllZP225 H }.5 : ouLS H 5 H 75 H 61.
H s G : : 2 2L 2 130 O
265GP1399 $ ALY SooeodVousoet 18I=114e225 ¢ 15 : 36 : 5 : 75 : A1
: ] : H s s 24 2 10O e ]
260GR12129 : 6,2 : Phenolic @ 18L134~225 : 15 : 127 ¢ 1 s 300 : 37
2690812128 2 bl oueolG0cecsos 181=114=R25 ¢ 15 : ,125: 1 s 300 : 37
269(}:'?;.1.._.,91 37 2 6.—,6 T :;:!:d(": coee? 181""}3-29"225 H 15 H 0126 H 1 : 300 : 37
269(}.9]_:22;‘6 H 608 :ouo-:d‘aeasfao: 181'°-—-f11)'”z~>-5 : 15 : ’—‘1'26 < l 3 300 H 37
2696812155 & 5010 2enreslTeso0sos 18L21L-2R5 ¢ 15 s 125 2 Y s 200 : 37
269GR1213L ¢ 6,12 2o0:.0000eect 181220225 ¢ 15 ¢ 27 ¢ 3 s 300 : 37

Yoo
b2
48
P4

clyester resin vias Paravlex P=43 (Jatalyst System of 1.25 percent DDH and
1 percent Nuodox), Pharolic rezin was Bakelite BV1i7085,

N

Detzailed descriptdons of fabries in U, S, Air Force Specification Ho. 12051,

.

\¥

“Plies porallel lrminated for approximebe L/iedinch thickness except series i
which hes 1/2-, 3/h=, crd 1/16-inch thickiesses for 6L, 32, and & nly con=

structiong, respectively.

Average of 20 mossurements,

o,

on subsequent tables where the
i shown.
(Page 3 of 3)

The temperatures at tine of test are liste
cffect of Lemperature on the properties

-
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Table 2.--Physical
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propertiea of glaes-fabric-buse plastic lamiaates

F.P.L. : Fectors invastigated ¢ Resin 1t Specific : Water 'Y Increase in dimensicns
panel : content= @ m“t’g : avdorption™: due to water ubnorption2
Ro. g g : . qEEEes B veleemem
g 8 : : Length : Width : Thickness
(1) (2) : (3) ¢ (%) (5) : (6) o (T) (B
3 Percoer ¢ Percent :Percent :Percert: Percent

CROUP 1 -- VARIATIONS IN FABRICS

Seri=s i -- Variaticas 1= weaves
pLE 1 128,11k . palrsster 3 38.1 s 1.815 0.13 + -0.04 : 0.00 : 0.26
1.3 3 143.114 < polyestar s 372 o+ 1.8 .07 : =09 .00 : .00
1.5 : 164-114 - polyoster ;. 38.1 1.805 .1l : =09 .03 : .2k
1.7 : 181-114-225 - polyester : 33.k 1.802 .09 : =03 : .00 : ~.2h
1.3 : 181-114-225 - polyester :  33.7 1.618 .09 : .03 : .03 : PR 'Y
.11 & 182-11% - poiyesier : 32.7 1.516 @ .10 : .01 : -,0% : -.51
1.2 : 128-1)% - pherolic 29.%2 1 1.485 1.57 : -.02 G A .25
1.k : 143114 - phenciic 4.8 ¢ 1.733 .Th 0 .01 B35 .00
1.6 : 1€4-114 - phenolic ;28 1.b10 2.29 : .ok 0% 208
1.0 : 181-114-225 - phenolic : 23.2 : 1.815 4 : .02 07 ¢ .00
1,10 ¢ 181-114-225 - phenolic : 24,5 : 1.8.8 .62 : .03 .00 : .26
1.12 : 182-2th - phenolic s 2.7 : 1.726 .81 : .0k .00 : .52

Seriee 2 -- Variations in Yarus
2:1 + 181-114~150 - polyester : 33.1 : 1.89% .13 -.0% :+ .00 : .00
2.2 : 181-114-150 - ghenolic : 2.3 ;i 3 Rrpt 00 e 0L : .CC

fHaries & __ Variztione in Fintsh
3.1 : 181-136 - polysster Lk 7 1.756 Wb .00 00 . .00
3.2 : 181-156 - phenolic i 365 . 1.655 1.57 .02 .10 .61

GROUP 2 -- VARIATIONS IN FABRICATION PROCEDURE

Seriess 4 -- Variation in Thickaess
1 & : 1/2 inch 27.0 1.975 .05 -.0h 03 . .30
b3 : 1/b 1nen 223 1.957 .03 LOuor 00 .00
EP) : 1/16 inch 27.9 : 1.987 22 -.02 : .08 : .00

Seriee 5 -- Variation iz Mclding Proazii-a and Rsein Content
S, SRSt L3505 L 1.5 W35 T .Ul 09 2 00
5.3 : 10 p.s.i. LIRS DTN B 0 7. 13 -0 .00 -.13
5.5 1 45 p.a.i, t 30,0 : 1.9% .17 -.01 .00 : .00
5.7 : 255 p.se.i : 21.8 : 2.038 .36 -.02 : .00 : .00
GROUF 3 -- VARIATIONS IN EVALUATICN CONDITIONS
Seriss § -- Varialicn in Tommeratura at Time of Test

6.1 : -65° F. : 32,1 : 916 <12 : .08 ;.00 : .00
6.3 1 -30° F. : 3.3 : 1.88 a2 i .88 1 .00 : .00
6.5 : 0°F. i 30.0 : 1.908 .13 : .00 .03 : .00
6.7 : 30° 7. : 315 1.912 .16 o s 00t .00
§.9 : 120° F. o 36.4 1.8678 AL 01 ¢ .02 1]
6.11 : 160° ¥, H 32.1 1.912 g 13 0 02 .00
6.2 : -65° F. ;. 256 @ 1.82 59 : .08 . .07 : .00
6.4 t -3 P, : 236 : 1.855 .65 T o 5 2 .33
€.6 :C°F. :o23.5 : 1850 By r ok 0 40
€8 :30" ¥, : 258 : 1.8k0 g5 ¢ =01 .0z : .13
6.10 : 120° P, :  25.3  : 1.89%7 .75 : 00 .03 ¢ 00
6.12 : 160° 7. P25 1Bk W6z -0t .05 ¢ .40

1pstermined by burning as described in paragraph P-6b(k) of U. 3. Air Force Speciricatios
120k9. Average of two specimana.

élexy:t and dimension: taken on each 17- by 22-inch panel.

Lel@ts and disensicas taken accoriing to Mcthod 7031 of Fedaral Specificaticn L-P-LOGa.
Lengih of apecimen wvas parsllsl to vary airsztiss.

L A

Avciege of three specimens.
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Teble 3.--Rozulie of tencile tests of glass-fabric-base plastic laminatcs

(i) (2) : (3) {4} =y = (6) (1 (8) (9)
: : Degress : 1,000 : 1,000 : 1,000 : 1,000 : 1,000 : 1,050
: p.8.i p.8.i. : p.s.i. : p.s.i. PeBsied ool
GROUP 1 -- VAPIATICAS IN FABRICR
Series 1 -- Variations in Weaves
1.) : 128-114 - polyester 3 0 : 5,120 : 3,237 : 3,908 : 9.98 : 19.46 : 26.81
e L ] : 2,382 ¢ 2.3 : 2,016 :11.56 : 20.80 : 26,50
1.3 : 143-11k - polyester . 0 s b,370 ¢ 4,102 :........00 8035 2 TOM3S te.......
: : 90 s 1,728 ¢ 1,329 1,103 : k.45 : 5.88: 6.11
1.5 1 165211k - nolwester : 0 12,7155 ¢ 2,51 : 2,216 : 8.75 : 17.03 : 22.50
3 ) : 90 : 2,271 : 2,002 : 1,870 : 6.79 : 15.76 : 20.15
1.7 1 181-1il4=225 - polyester : o} : 3,315 @ 2,936 2,781 : 11.66 : 22.35 : 30.96
: i 90 2,920 ¢+ 2,510 2566, : 22,84t A7.LS G (22.55
6.1 : 181-114-225 - polyester : 0 : 3,2% : 2,866 2,757 : 15.02 : 25.28 : 35.74
: : 90 : 3,087 ¢ 2,739 : 2,598 : 11.8% : 22.52 : 30.61
1.1 : 162-114 - polyester 0 : 3,413 : 2.890 : 2,750 : 10.05 : 20.39 : 29.31
: 90 3,861 ¢ 2,897 : 2,728 : 9.060 : 18.02 : 25.94
1.2 : 128.11k + phenclic o 2,78 : 2,454 : 2,345 10.74 : 20.30 : 28.59
: 90 2.218 : 1,902 : 1,766 6.85 : 12.79 : 17.21
2.4 : 143-114 - phenolic 0 L,B01 : 4,309 feceessecet 38R ¢ 7150 teueeennn
B 90 1,701 : 1,256 1,06 : 3.50 : k.75 5.23
1.6 : 164-11k - phenolic 0 2,005 : 1,765 1,636 : 8.17 : 14.81 : iT.19
: o0 : 2,353 1 1,52 @ 1,706 : 7.21 : 13.11 : i5.80
1.8 : 181-11%.225 - phenolic 0 3,27 : 2,59 2,845 : 1250 1 23.7h : 31.86
: 90 3,308 ¢ 3,088 ;2,729 @ iL.31 : 21.19 : 29.30
1.10 : 181-114-275 - phenclic )] 158 c 3,132 2,776 : 32.91 . 23.2k : 51.79
] o T 35,425 2,903 : 2,715 : 1C.38 : 18.53 : 24.8%
l.de : 10e-11b - LLenolic V] 3,227 2,788 2,728 : 10.45 . =6.92 : 28.2%
: 90 3,288 2,762 2,538 : 9,09 : 18,28 : 25.45
Series 2 -- Variations in Yarns
1.7 & 6.1 : 181-311%-225 - polyester : 0 : 3,275 ¢ 2,%0% 2,79y & 13.09 : 23.81 : 32.35
: : 30 : 3,00k : 2,62k 2% : 31,23 : 19.98 : 27.28
2.1 : 181-11k-150 - pclyester : o : 3,390 : 2,800 2,777 : 11.41 20.92 : 29.42
: F * : 3,192 ¢ 2,699 2.5 10.59 : 19.63 : 27.53
1.5 % 1.10 : 181-114-225 - phenolic : (o} : 3,504 3 3,05 2,510 ik.7e 3 25.49 : 31.82
: T80 133N 2,85 D22 sl Es . 20,81 I amoon
2.2 : 181-114-150 - phenolic : e : 3,48% ¢ 3,265 : 3,110 :10.92 : 21.87 : 31.32
H 90 T 8,762 1 3,180 : 2,351 946 : 20.57 < 28.48
Series 3 -- Variations in Finish
1.7 & 6.1 : 181-114-225 - polyester : 0 : 3,275 ¢ 2,901 2,769 13.09 : 23.851 : 33.35
3 L 4] : 3,00 ¢ 2,624 2,482 11,23 : 19.98 : 27.28
3.1 : 181-3% - polysster o T 2,617 : 2,486 2,343 38.55 : 17.87 : 25.09
g 90 t 2,53% 1 2,171 2.053 8.52 : 18.61 : 20.19
1.8 & 1.10 : 181-114.225 - pnenoiie 0 : 3,50k : 3,061 2,910 : 12.74 : 23.49 : 31.82
: :05C 13,384 2,995 ¢ 2,722 : 1,35 : 1981 : 37.07
3.2 : 181-136 - phenolic T8 32,656 1 2,385 t...e,....t 13,061 25,69 :.......
: T ] 2 25276 1 2LY05 e srel 11508 L MBLER oLl dmae
¥4 L] ‘3655 ; (P a l Qf 2 )
- -t

Modulus of el=sticity

Stresz at -

20f loade(di~eemcncccaccecccccacacccanas teemr ecceececccsscsenencconnanane

:direction:initial:SBecant a%:Secent 8i:Frepor-:0.1 par-:0.2

: to warp :tangent:2.1 per- :0.2 per- :tloa=l : cen%
H ] strain

A
cenc

s sireis

;. offoet

: cent
¢ miialn
T ofrcat

YTy

¢ limit s

: offset :

- - L R L b b e R L L L L T L C T TS PRy
...................
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Tanlae 3.--Results of teasile ¢c3sie OF gimee~-Inbrir-Dase plactic laminsteg
~{Contimued)
r.? L Yactors inwesiigated iRAwlation : idcdulus of elasticity : Bmu &t -
panel Of 1oaded encneemcani ammmmasnamos oo e e
Bo. :direction:Init{al:Secant at:Secant at: Prvpor- 0 1 per-:0.2 per :Waximy
: to warp tonusnt 0.1 per- :0.2 per- :tiomal : cact cent
5 H cont ! eant .15—"4 rain ¢ z¢mmin
: : &train : strein ¢ offset : offset :
s : offael : offasi H g
(1) (2) : {3) t (W) 2 (5) ¢ (6) : (7)) : (B) : (9) : (10}
------ e L T T Ll ol L B e T L ) 5 g B lecerece
: Degrees : 1,000 : 1.000 : 1,000 : 1,000 : 1.000 : ¥,000 : 1,000
3 tp.si.: p.r.f.: xp.2.%.: ps.d.: P.@.i.: PeB.l. i Pee.i.
onoTP 2 oo VARJATIONS IN PABRICATION PROCEDURE
Serise & -~ Variation in Thickness
(99§ : 1/2 inch taick 0 3,721 : 3,2 3,037 :13.%1 : 2k.02 : 33.1i : 51.88
: 20 2,733 ¢ 3,13k 2,020 ¢ 1046 : 19.k9 : 27.72 : 53.88
b3 : 1/ inch thick 0 : 3,619 : 3,1%3 3,015 : 12.25 ¢ 25.37 : 35.43 : 41.50
. 90 : 3,Mp: 2,91 2,737 : 8.87: 18.77 : 26.68 : 35.8¢
1.7 & 6.1 : 1/8 inch thick 0 T 3,275 ¢ 2,901 2,769 :13.03 : 23.81 : 33.33 : b3.70
90 : 3,00k @ 2.62h 2,482 : 11.23 1 13.90 1 Z7.20 : 4i.49
b.s 2/16 inch thick n : 3.959 @ 3,254 5,133 : 11.68 : 20.84 : 30.P2 : k3.77
90 : 5,028 ; 2,848 2,711 : 10.57 : 18,6k . 27.07 : LO.25
Serias S -- Yaristicn in Molding Pressuss_and Resin Content
5.1 1 39.5 percant 0 : 2,381+ 2,536 2,226 : .57 ¢ 24.75 ¢ 38.81 : A3.G2
] 90 : 2,785 ¢ 2,76 2,362 : 12.26 : 23.2¢ @ 3143 : k7.11
3.3 + 41.6 percent 4] : 2,821 ; 2,478 2,10 : 11.70 : 21.56 : 28.01 : 31,39
: Q0 2 2.%97 ¢ 2,256 2.126 : 10.85 : i5.3% : 2k.2h : 29.38
1.7T & 6.1 : 33.% percent 0 S %,275 2.901 2,769 : 13,09 : 23.81 : 35.35 : k5.70
: 90 t 5,00 ¢ 2,62 2,582 : 11.23 : 15.98 : 27.28 : k1.49
5.5 : 30,0 percent 0 s 2,538 @ 3,100 : 2,995 ¢ 1255 i £5.10 @ 34,78 : 41.55
: 9 3,952 ¢ 2,991 : 2,800 : 9.82 : 18.71 : 26.33 : 37.54
= 5.7 : 21.5 percent 0 t 3,866 ¢ 3,320 : 3,181 : 11k : 25,19 : 34,6k : 33.86
. : 90 : 5,911 @ 3,238 3,095 : 9.86 : 20.7% : 30.10 : 53.08
: GROUP 3 -- VARIATiAGRS IR EVAIUATIGR COGIELITIONS
Ssries 6 -- Viriation in Tcaperaturs st Tiss of Tsst
1.9 65" ¥, o : %,077 3,367 : 3,193 : 12.01 : 20.39 : 29.92 : 57.10
S0 i 8,083 3,703 : 3,357 : 9.46 : 5.3 : 21.88 : 18.60
6.3 -3 F, 0 : &,371 ¢ 5,528 3,286 : o,kx : 17.k : 26,46 : 5k.00
; 90 t hofh o 327k 3,138 : 8.97 : 15.62 : 25.73 : %2.30
0.9 O F. D] P ER,09 1 5,082 3,409 11.9% © 20.68 : 33.1% : 60.54
90 + 3,810 ; T n=o 2,000 ¢ 310,30 1 20,98 @ S1.14 : 50,32
6.7 30° . 0 : 3,866 : 3,25 3,12% : 11.90 : 22.33 : 36.i7 : 46.86
90 : h,205 0 3,355 3,297 ¢ 11.77 ¢ 17.34 ¢ 2%.16 : kO.5%
1.7 & 6.1 5% F. (o] 3,275 ¢ 2,901 2,769 :13.00 : 23.81 : 3%5.35 : 4%5.70
90 3,004 : 2, 2,82 :11.23 : 19.98 : 27.28 : 41.4%
6.2 pE- s 4 o] 39,558 ; 2,80) 2,532 . 18,15 : 28,22 36.%7 : 80.86
=] 2,7h% : 2,5k8 2,437+ 13.8 36,11 ¢ 3B.1f @ R,76
6.11 160° r. 0 2,753 ¢ 5 o 1 26.86 :..... : 27.34
' 90 2,192 : 16,73 Sevneens.: 21.27
: 5.2 -65° F. 0 34,390 : 3,731 3,519 : 12.6h : 2k.b0 : 34,93 : 66.30
! 0 4,313 : 3,626 3,373 12.45 : 22,48 : 350.64 : 59.80
| 6.4 Bl [4 k,379 : 37U EiN T 12,9 22.78 : 32.18 1 65.50
) 90 : b,054 : 3,053 3,018 : 13.81 22.93 : 30.24 : Sk
i 6.6 o r. [\ 3,912 : 3,55 320 A3 24.6% 1 38.15 : 35.7%
] 90 $ 3,576 ¢ 3,050 2,87 11.65 : 19.07 : 26.07 : k.18
| 6.8 3C* P, 0 :4,185 : 3,612 3,453 313,98 ¢ 25.85 : 38.42 : %5.98
i . 3 90 35,968 : 3,332 : 3,133 : 1k : 2002 : 29.85 : 52,24
| - 1.8&1.10: T5°r. ] : 3,504 : 2 06) 2.3910 l2.7x ¢ 23.k9 : 31.82 : 5.8
L ST 90  : 3,36k : 2,995 2,722 : 1135 : 19.81 : 27.07 : 49.C2
i 0.1V s 1RW° F, -9 J ),:{M s 5,195 :,()29 $ 11.30 : 2%.26 34.80 : 47.78
; : 3] 3,850 : 2,952 2,750 10.62 :  15.79 27.17 : &6.57
I A 6.12 : 160° ¥, T 0 s 3,2% 1 2,538 teiee.... 0312052 ¢ 3018 te.eee...: B,
‘ & : Y 3,192 : .31 2,ik2 11.87 26.u8 : 36,83 : 46,21
i }
{ !
| | Z WO P (Poge 2 of
: j
i
1
i
|
|
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Table &,--Bleavieo comprangive et of giase-fabric-base plactilc lantrstse

R Factora investigated : MNoldod vith poiyester rwein 2 Molded with pheroiic resin
P F.FuL. ! Maxizow sYoenstt L FLELL. ¢ Mawimm strenath
! PADN®l lecaee B - PANR®), ieccnccccec.sesreeccecss. -
: No, ¢ langthuwi=e :© Cxrvaswice : Ro. : Lengthwiee : Crc=swiee
' (1) : (2) (%) (&) : (5 (6) : %))
: g 1,000 3 1,000 s 5 1,000 e 1,000
H ] .8,3, S p.s.i. : B P.B.i. Ps6-1.

GROUP 1 -- VARIATIONS IN PABRICS
l Baries 1 ~~ Veriations in Weaves

128-11k : 23 80 :
143.114 : 50,650 @ :
164-114 : 24,370 : 22,940
I 181-11k-225 g 33,970 : :

el wl el
sr—-mmrm
o

5
&

18 -134-225 34,190
182-114 :

ev o0 4o %o 0 4o
.

(e
N
£
&
>
n
g

32,200 30,)00

35,740
35,410

[

o
°
e oe o0
-»

‘o oo oo
\S.]
2
¥
oo o0 oy
[l
M
]

¥
3
"
f?
EA
i
19
~
g

: : : 184
1.9 ¢+ 345,630 : 35,920 : 1.10
. 55:650 : 3"-5& 3.2

! . GRUF 2 -- VARIATIONE IN FABRICATION PROCRIUKE
| ;

° 181-114-225 t 174

o oo oo

35,Th0 : ?8»000

181-136 20,100 : 16,k0

Series & -- Variaticn in Thiskness

64 ply - 1/2 tneh 1 k1 @ 42,900 : 38,260 :........i.....
32 ply ~ 1/b tmeh s 4,2 : 32,870 : 39,336  i........
16 ply - 1/8 inch : 1.7 & : : : :

o o N H Ll.; : 5%,’4‘_'3\'_) : 32,920 AT ST LS sXats e el s ok ool Slats) cisRe s o T e oo
O piy - 1710 incu HE- Y51 a €5,57C . 28;9%¢C fetakelelerelotals oke s s [oreleralots e te o) e BTe o ons s

Series 5 -- Variation in Mclding Pressure and Resin Concent

2

59.5 percc.t : 5.1 TOBB.3E0 1 32,500 feieeecnciiacens
41 .6 percent : 5.3 : 32,700 t 35,340  .i..cee0eliitececesveccSessecsccans
30.0 percant : 5 - AL U RO, . I Yo R SR i e R ler i
33.5 percent s 1.7 & ¢ . N H H

$ 19 f BB0BD i 35,980  teeecesenleoaiiaies ceeaietlonisesassieee
21.8 percant : 5.7 B BEV000) [ B5TI60F  liraiarotetalsfe) s ols stats oo alals) SleTe oTs s ata 51 sla

GROUF 3 ~-- VARIATIONS IR EVALJATION CONDITICOES

Series 6 -- Varistion in Temporaturc at Tiss of Teat

i

|

i

|

i

) -65° F. : 5.1 : Wu,3h0 : 38,080 : 6.2 : bb,100 : 42,000
| -30° . :6.3 : 30,700 : 57,380 : 6.4 : 43,5%0 : 13,580
| o°r. : §.8 s+ k0,420 ¢ B8, : 6.6 : 38.680 , 3,340
i z0° ¥, : 6.7 s kl,ah0  : 39,260 : 6.8 : 81,360 @ 37,180
| N :t 274 : :1.88 :

| - : 1.9 : 34,080 : 35,920 : 1.10 : 35,750 : 38,000
; .120. r. : 6.9 r 30,060 : 29,000 :6.10 : 37,50 : 36,840
-' > r. 56.1] s 17,130 : 12,780 : 6.12 = 35,790 s 31,990
! 2 M G06k7 F

i

[

[ —

l — -,
] - - - -

1

|

. RO e = el e e LB o e
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Table 5.--Peeulte of risxural vects on glase-fabric-Lase plastic laminates

- e —— r—

*.P.L. : Factore invertigalesd

:Relation :

Hoduluz of slasticity

Fiber etrees nt - :Modulue

paicl i P BPAR l-ee—c-ccemcccccccceceeecemec]ce-e-cec-cessc-c—eascecens T &
No. :dirsction:Initial:Becant to:Secant to: “ropor-.u 1 per-:0.2 per-:rupture
N ¢ to WATD tangent 9.1 par- :0.2 par- :tional : cent : cont
B TS Sl . :.-.n.‘. 214met  : mtrein - stralp o
g : ¢ strain : atrein ¢ : offeet : offeet :
. ] . cffrset : ofieet 1 g :
(1) : {2) : (3) 2 (8) 0 (5) (6) : (m = (8) (9 (10)
---------------------------------- ;-égégge; : 1,000 : 1,000 1,000 : 1,000 : 1,000 : 1,000 : 1,000
H : n,8.4,: Dp.s.i. D.2.4 DP.8.4.: n.B8.4., D.r.i. : p.e.i.
CROUP 1 .- YAKIATIONS IN WAHRYCS
Series 1 Yarietions ir wvoaves
1.1 : 128-114 - polyester 0 : 3,000 ¢ 2,81k z,674 28.0 59.6 [T 46.0
: 90 : 2,720 © 2,510 2,378 20.2 31,3 : 37.9 : 4.8
1.3 : 1k2-114 - polyester 5 o] s b,38% 0 B,A9% .........0 80,0 D 1064 :........t 106.5
: : 1,728 1 1,40 i,5%i G0 3 3Z.4 ih.2 4 18
1.5 : 164-114 - polyeater 2 0 : 2,688 ¢+ 2,5 £,295% 25.0 : 33.3 AT.h : 43,7
: : % : 2,485 ¢ 2,253 2,107 7.5 ¢ 27.0 : 31,5 : MkO.O
1.7 : 181-114-225 - polyester : ¢ 3,307 ¢ 3,122 fieeeeeasel 392t 55.2 tesu:za. 57.5
: : 90 t X364 - 3,002 :......ii.p 25.2 1 830 feeeenns 52.9
1.9 : 181-114-225 - polyeeter : ¢ ? 5,392 ¢ 3,163 ...eve...t 20,8 3 53.0 ...ee...s 59.2
3 : 90 $3,501 2 3,018 : 2,3tk : 26,2 : M. $c.9 54.1
1.11 : 182-114 - poiyester o : 3,38k @ 3,147 @ 2,084 27.5 : 47.2 54 .4 9%,
2 90 : 3,35 ¢ 3,119 : 2,559 25.0 : U6.9 52.0 59.6
- 2.2 : 128-11% - phenclic : o} t 2,656 1 2,472 t.ieleeent 22.2 : 35.9 f.eeee. et 34,8
: : 90 T 2,260 @ 2,105 : 1,35 21.6 : 30.2 33.7 : 34.9
1.4 : 143-114 - phenolic e 0 : 5,955 1 4,739 : 4,578 5.4 3 980 97.9 : 98.4
= : i 9 : 1,717 ¢ 1,472 1,353 T.8 : 11,2 13.4 18.7
. 1.6 : 164-11% - phenoiic o} : 2,837 . 1,53 3,706 7.6 : 21.6 23.k : oh.3
: : 90 3 2,08 ¢ 3,0=€ i,732 15.2 : 21.2 2358t o oki
1.8 : 181-114-225 - phemolic : 0 : 3,358 : 3,167 3,037 31.5 : 50.8 58.9 : 65.%
8 : 0 3 3,321 : 3,334 3,169 .1l + sS4 8.8 : 59.8
1.0 : 181314208 - phenolie @ 0 i 3,583 ;3,376 3,248 A .4 =3.0 : 67.3 : 69.7
e : 90 : 3,319 : 3,095 2,9"‘6 : 26.9 : "5.0 : S0.4 : 58,z
1.12 : 182-114 - phenolic : [} : 3,206 : 3,068 2,314 31.0 : 45.8 : 51.8 8.8
| : ) : 3,065 ;¢ 2,068 2,77 0+ 30.3 : 4.1 o k5.1 ¢ 45.5
i Deilos 2 4= Varialidhe in fsioe
i 1.7 & 1.9 : 181-115-22% - polyester - O  : 3,369 : 3,1k2 :. ceet 31.0 1 9D feeeeecie: 583
: : 90 23,332 1 5,050 t.........z 25.7 ¢ BT s el 53.5
| 2.1 < 181-114-130 - poiysater : o} : 3,b10 ¢ 3,207 3,034 : 29.8: 4.1 : 60.% : 60.8
| : i 90 ;3,332 : 3,138 2,97% : 31.5 : 8.1 : 5T.T S1.k
} 1.8 & 1.10 : 181-114-22% - phenolic : 0 : 3,470 ¢ 3,271 3,147 31.4 : %51.9 €3.1 : 67.%
| : W 2 3,420 1 3,215 5,057 50.5 @ 47.2 5%.6 : 0.5
2.2 : 181-114-150 - phenciic ° o} : 3,737 3, 3,370 32.6 ¢ 5z.1 : 61.3 : 533.9
| : ;W £3,5M o 3,573 : 3,205 : 309 : 50.8 : 8.0 : 59.1
] Serics 3 -- Variations in Finish
]
' 1.7 % 1.9 : 181-11%-225 - poiyester : o : 3,359 ¢ 3,12 :.....0000 3100 2 3501 d........: 58.3
: : s 90 33,328 ¢ 3,050 :........ 25.7 ¢ MA.T :.....0.000 335
i 3.1 : 181-136 - polyesier : (i} 32,555 1. 2,885 taeenies e ot 30.T &t 55.2 ieese....: 59,5
[ : ;90 1 Z,280 1 2,155 i....000.03 333 : BEO :........t 50,9
| 1.841.10 : 181-114-225 - phenolic : O  : 3,70 : 3,271 : 3,87 : 324 : SL9 : 633 : 67.6
| e B 5 50 i 3,%e0 i 3,215 5,057 5.5 i 87.2 5.6 + 33.3
| 3.2 : 181-138 - phanclic : ¢ 2,550 ¢ 2,330 teiieeeoest 27-2 + 3.1 :.... B B A LY |
: . 5 : 0 $ 2,178 ¢ 2,026 : 1,9%% : 18.8 : 26.r : 29.0 31.3
E Z M 9068 F (Page 1 of 2)
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Table 5.--Resuits of flsxural tsésis on glass-fabric Lass plastic laminstas (Contiuusal

¥.P.L. Factors inveatigited ;Ruhtion g Modulue of elasticity g Pibar streses et - Mpdulus

panal 5 ¢ 9f epAn fecemseseccceccccsccecieuccelccoiescseeces—wa--teassa!  Of
No. H :d:lrection:Initial:Secant ot to:Propor-:0.1 per-:0.2 per-:rupture
] : 10 warp :tangent:C.l pear- : O per-:tionsi : cont : ceit
g cent 21inty ¢ strzin @ sirsin

: strein s oPfTeet : offTst
: offnat g g

(1) 4\ : (7) 8y (9)‘ (10)

---------------------------------------------------------------------------------------- jeeeeccer {ccwnncce
00N 2 2 000+ 1,000 1,000

B,4.2 P.B.1 ®.i. peo.i.
5.2 1/2 ineh 26.8 + 53, 56.2
: 22.2 @ A7, 52.9
8.3 /LIS i 3 2h.9 : 36, 61.0
: 805+ 3, 20.7 : 7. 55.5
1.7~ 1.9 : 1/8 inch. ; . 31.0 : Sk, 58.3
g 90 : » 25.7 1 bk, 33.5
5.5 :+ 1/16 inecn 0 3,707 ¢ 3,491 3,326 32.3 : S6. 36.2
5 90 4,002 : 3,093 3,48% 284 0 L3. 62.2

Series 5 -- Yzriztioz in Molding Praszsivs 3=d Basis Copdont
5.1 : 39.5 percent 0 : 2,336 : 2,751 2,554 50.8 : 47.6 : 545 : 57.2
: 90 . 2,88 : 2,755 2,635 28.9 + 45,5 51.2 : 58.5
5.3 : 41,6 percent 0 : 3,189 ¢ 2017 foeeeennesd 26.3 ¢ 5.1 .i.e.eeet 50.8
: 90 : 3,017+ 2,822 2,708 257 @ 81.3 LB, 7+ k9.
1.7 & 1.9 : 33.5 percent o : 3,369 ¢ 3,142 i.iiesaend 31.0 ¢ Shel t.....e..t 58.3
: =) 3,332 3,050 fieeeeeasel 25,7 3 MBT io..... .t 53.6
5.5 : 30.0 percent [¢] 3, L 3, 27.h ¢ W71 50.8 E3r2
: 0 3,610 %% ;3,221 25.1 :+ k6.6 s52.€ : Skl
5.7 : 21.8 parcent ¢ b,13T : 3,797 3,585 22.4 ¢ 45 5%.7: 54.8
: 9C 3,879 ¢ 3,587 f...eei..n : 25.9 : 48.9 verseset 516
GROUP 3 -- VARIATIORS IX EVALUATION CONDITIONS
Szriss 6 -» Variaticn 4o Tozporsturs at Time of Tett
6.1 : -65° P, 0 : 3,52 3,370 3,218 Sz : 73.8
: = 3 3,521 3,323 feieece..o: 6.0 : 72.0
6.3 : =30° P. : 0 : 5,608 ¢ 3,b33 ... 5.3 : 70.4
. : Q0 : 3,334 " 49.3 : o : T1.h
6.5 : 0P, : o] : 3,800 : 48.9 : , : 7.2
B [ ] : 3.5)% ¢ L6 : 61.8 5 : 66.6
€.7 t 30T F, : ] : 3659 BA 7 928 Sk 1 645
: i 90 : 3,532 @ 35.7 ¢ 55.0 61.8 : 63.3
LT & 1.9 . (5" P, 0 23,569 ¢ 3.1B2 :.i....... 31.0 1 341 ..., ceees 58.3
: 9C 52,332 0 3,080 ficiiea.eer 25,72 BRToo L L . TR K
6.9 + 120° ¥. 0 5,051 : 2,798 2,6s8 19.7 : 33.9 81.9 : k8.3
: 90 2,959 1 2,574 2;329 20.3 :+ 31.2 59.3 L3.3
6.11 T 160° P, [V 2,278 : 2,011 1,863 10.8 : 18.8 22.4 24.2
' 90 : 1,888 : 1,709 1,591 9.9 : 16.7 : 20.k .2
6.2 : -65° P, : 0 3,619 367 teeeieiions 6.2 : 80.3 8.1
: : 99 : 3,478 3, teeeeerenet M bz 624 :.... veest 66,9
€.k : =30 P : bl : 3,810 1 3,682 :.i........t 59.3 : 78.9 :........: 8.0
: : 90 z 5,878 3,326 3,202 42,2 : 64.k 57.3 .7
6.6 : o r. : [¢] 3, 3,466 t.iiieeaaet k.5 : 68.1 :.... a0 76.8
. : : 90 3,51k : 3,275 3,163 33.6 1 52.2 63.1 : 69.3
5.8 : 30°F. i o 4,363 ¢ 4,051 : 3,87 37.7 : 62.5 740 @ 78k
: : 90 3,330 ¢ 3.873 5,128 5.4 1 W71 : S56.5 : €7.2
1.8861.10: T5°F. : 0 3,76+ 3,271 : 3,147 31.b : 51.9 : 63.1 : &7.6
3 : 90 3.k20 3,215 @ 3,057 30.% : 47.2 : S4.6 58.5
6.10 s 120° P, : 0 : 3,713 2 3,75 3,235 poua P JRHIN 5 0 EIE > W &
CR s 90 3,6 3,36k 3,216 27.4 2 43.8 53.9 58.5
6.12 s 100° P, : 5 3, 3,156 3,012 28.6 : 8.0 55,2 57.1
: 90 3,217 2,97 2,8:0 26.8 + 39.3 46.8 52.i
2
M 90649 ¥ (Page 2 or 2)
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Table 6.--Flatwiss shear atrongth of giuss-fabric-base laminatss
(Johuson-type shear)

a—

Pecto™s 1uveatigated : Molded with pGlyester resin g Molded witkh phenclic resin

128-114%

: 1.1 : 19.98 : 21.78 : 1.2 : 10.11 9.26
INF-114 : 1.3 t 10.62 @ 27.1%  : 1.k : 6.80 : 2170
16h-114 : 1.5 : 3.5+ 20.1%  : 1.6 : 7.22 7.2%
181-235.225 3 1.7 : 20.30 : 21.88 : 1.6 : 15.00 : 17.2¢
181-114-225 : 1.9 : 20.07 : 21.01 :1.10 : 16.46 : 18.12
ife-114 : 11 2.37 : 21.24 :1.12 12.53 : 12,51

Scries 2 -- Variatioos im Yarns

181-114-225 1.76&
1.9
2.1

£
@®
»

21 . kh

2-}«'5‘k

S 17.65
2.2 : 15.89  :  i.9¢

Saries 3 -- Variavions in Finieh

-
e 4]

(™
[
o
(-
w
3

181-114-150

181-114-225 : 1.8
21.44 : 1.0

17.62 : 3.2

1

20.18
16.68

1.7 ~
31

e oo oo
Lo se te
20 o0 e

PG
b0
5
N
O

181-136 11.98
GROUP 2 -- VAEIATIONS IN FARRICATION PROTEDURE

Saries 4 -- Tariaition iu iuicunnss
200 Aat

&5 ply - 3/2 men .1 i 2190 ¢ BB3.T2  feeeernsitocecnienn.. o R
32 ply - 1f% fach : b3 : 20,89 N IS0 G0 I e e L P e e el T T T o
VL v — -~ 1 . - L
av Ay = i igon AP O A T 2 H H
) 3 1.6 @ 2008 Ti RYRN S0l s s eftfase o terarers orseretsaTel e retess ofsioTS o
8 rly - 1/10 inch + 4.8 : 21.2% : 23,19  fiiciiiiilececccceen R A L T
Series 5 -- Veriation in Moldlug Pressure and Resin Content
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Fig. 3. loasd-Deformatior. Curve in Flexure For Flasiic Laminates
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i Mg. L Effect of Laminating Conditions on the Comnressive, Sheer, and
Izod Tmpact Strength of Plastic Laminates
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Pig. 5 Effect of laminating Conditions on Tensile Properiies of
Flastic Laminsisse
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